Marsdenia tenacissima is a well-known anti-cancer medicinal plant used in traditional Chinese medicine due 18 to bioactive constituents of polyoxypregnane glycosides, such as tenacissosides, marsdenosides and 19 tenacigenosides. Genomic information regarding this plant is very limited, and rare information is available 20 about the biosynthesis of polyoxypregnane glycosides. To facilitate the basic understanding about the 21 polyoxypregnane glycoside biosynthetic pathways, de novo assembling was performed to generate a total of 22 73,336 contigs and 65,796 unigenes, which represent the first transcriptome of this species. These included 27 23 unigenes that were involved in steroid biosynthesis and could be related to pregnane backbone biosynthesis.
cystitis, and pneumonia [1, 2] . Clinical studies have shown that the aque-41 ous extractions of M. tenacissima are beneficial for treating patients with 42 various cancers [3] [4] [5] . Polyoxypregnane glycosides are the major bioac-43 tive constituents in the stem of M. tenacissima [6] . More than 40 44 polyoxypregnane glycosides have been isolated from M. tenacissima, 45 mainly tenacissosides [7] , marsdenosides [8] [9] [10] [11] and tenacigenosides 46 [12] [13] [14] , and all of which have aglycones derived from tenacigenin B.
47
Two other polyoxypregnane glycosides with aglycones of sarcogein 48 and drevogenin P were also detected from M. tenacissima [15] (Fig. 1) . 49 The main biosynthetic pathway of phytosterol has been studied exten-50 sively and is well understood [16] [17] [18] [19] [20] , but the biosynthesis of steroidal 51 derivatives as secondary metabolites is still largely unknown, especially 52 pregnane and their glycosides.
53
Pregnane glycosides are C-21 steroidal compounds conjugated with 54 sugars [21] . In plants, pregnane derivatives are intermediates in 55 cardenolide glycoside biosynthesis where cholesterol is a direct precur-56 sor [22, 23] . The biosynthesis of cardenolide glycosides has been suffi-57 ciently elucidated [24] , and most of the enzymes and genes involved isomerase and pregnane 14β-hydroxylase [24] . Comparing the molecu-62 lar structures with cardenolide glycosides [24] , we explored the 63 putative biosynthetic pathway of polyoxypregnane glycosides in 64 M. tenacissima (Fig. 1) . Clearly, pregnanes must be modified by hydrox- only phytosterols but also steroids as secondary metabolites [42] . 43.77% of contigs were longer than 1000 bp (Fig. 2) . After all the clean 102 reads were assembled using the Trinity assembling program, de novo 103 assembly yielded 65,796 unigenes with an average of 1087 bp, and 104 27,347 unigenes (41.56%) were longer than 1000 bp (Fig. 2) . The se-105 quences of all unigenes are shown in the NCBI SRA database. Of the Fig. 1 . The putative biosynthetic pathway of polyoxypregnane glycosides in M. tenacissima. Enzymes found in this study are surrounded by boxes; enzymes which are not found or hypothetical are surrounded by dashed boxes. Enzymes involved in the pathways are: SCCE, cholesterol monooxygenase (side-chain-cleaving enzyme); 3β-HSD, 3β-hydroxysteroid dehydrogenase; KSI, Δ5-Δ4-ketosteroid isomerase; 5β-POR, progesterone 5β-reductase; P14βH, pregnane 14β-hydroxylase (hypothetical). This putative biosynthetic pathway is modified according to Kreis and Müller-Uri [24] . (Fig. 3) . These GO annotations provide comprehensive infor- 
Functional classification by COG

154
All unigenes were also subjected to a search against the COG data- o r g a n e ll e o r g a n e ll e p a r t v ir io n v ir io n p a r t a n ti o x id a n t a c ti v it y b in d in g c a ta ly ti c a c ti v it y e le c tr o n c a r r ie r a c ti v it y e n z y m e r e g u la to r a c ti v it y m o le c u la r tr a n s d u c e r a c ti v it y s tr u c tu r a l m o le c u le a c ti v it y tr a n s c r ip ti o n r e g u la to r a c ti v it y tr a n s la ti o n r e g u la to r a c ti v it y tr a n s p o r te r a c ti v it y Number of unigenes tion by overexpressing these genes in M. tenacissima.
208
Cholesterol is the direct precursor for pregnane biosynthesis,
209
which comes from the lanosterol pathway [42] . Most gene encoding en- converts sterols into pregnenolone [23] .
242
No evidence of such a P450 (CYP11A in animals) has yet been found in 243 plants [44] ; therefore, more attention was given to possible interaction 244 partners, such as acyl-CoA-binding protein (ACBP) and peripheral-type 245 benzodiazepine receptor (PBR) [45, 46] . In the mitochondrial envelope,
246
ACBPs bind to PBR and stimulate the transport of cholesterol into the mi-247 tochondria [47] . Unigenes annotated to ACBP and PBR were also found in 248 M. tenacissima transcriptome in this study ( and four tandem repeats (1526, 10.21%) ( Table 2 ). The information of 
cDNA library construction and sequencing
329
For constructing an mRNA library, poly (A) RNA was purified from 330 20 mg total RNA using Sera-mag Magnetic Oligo (dT) Beads (Illumina).
331
Then, the mRNA was fragmented using a fragmentation buffer. The 332 mRNA fragments were transcribed into first-strand cDNA using random 333 hexamer primers. Second-strand cDNA was synthesized using DNA po- ing high-quality sequences were then used for de novo transcriptome 345 assembly using the short reads assembling program Trinity. The assem-346 bly was performed using the default parameters. 
using the GO Database, and GO trees were generated using the WEGO 366 tool (http://wego.genomics.org.cn/cgibin/wego/index.pl) [52] . dehydrogenase (3β-HSD) and progesterone 5β-reductase (5β-POR).
397
The glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used fied SSR loci were designed using Primer 3 (http://primer3.ut.ee/).
409
Among all the designed primers, GC content ranged between 40% and 410 60%, and the expected PCR product sizes ranged from 100 to 280 bp.
411
Supplementary data to this article can be found online at http://dx. 
